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Introduction {#sec005}
============

Dengue is an acute infectious disease caused by the dengue virus (DENV), which is transmitted by *Aedes* mosquitoes \[[@pone.0229829.ref001]\]. The number of dengue cases worldwide has been estimated to be 390 million each year, of which 96 million manifest clinically \[[@pone.0229829.ref002]\], 2.5 to 4 billion people in more than 100 countries where DENV transmission occurs \[[@pone.0229829.ref001]--[@pone.0229829.ref004]\]. In China, dengue fever and dengue hemorrhagic fever epidemics have occurred frequently in the warm southern regions; since 2000, the epidemics have been slowly, but steadily, moving northwards, and they have currently reached Henan Province in temperate central China ([Fig 1](#pone.0229829.g001){ref-type="fig"}), which is far north of any of the previously recorded epidemics \[[@pone.0229829.ref005]--[@pone.0229829.ref007]\]. *Aedes albopictus* was the sole vector of DENV during most of the recorded epidemics \[[@pone.0229829.ref006]--[@pone.0229829.ref007]\].

![Distribution of *Aedes albopictus* (slash line), dengue incidence (by color palette) in China and the study sites.\
Polygon represents province on map of China and district on map of Guangzhou.](pone.0229829.g001){#pone.0229829.g001}

*Aedes albopictus* (Skuse) (Diptera: Culicidae) is a strongly anthropophilic, exophagic, and exophilic mosquito \[[@pone.0229829.ref008]--[@pone.0229829.ref009]\]. *Ae*. *albopictus*, as one of the most invasive mosquito species, has spread in countries worldwide and emerged as a global public- health threat \[[@pone.0229829.ref010]--[@pone.0229829.ref012]\]."Where is the possible northern limit for DENV transmission in China?" In other words, what is the lowest temperature, under natural conditions that supports *Ae*. *albopictus* larval development, reproduction, and virus transmission? Many studies have been performed to determine the temperature limitations for *Aedes* mosquito development; however, many of these studies were conducted under controlled laboratory conditions with relatively stable temperature and humidity \[[@pone.0229829.ref013]--[@pone.0229829.ref017]\]. Diurnal temperature variations may also play an important role in *Ae*. *albopictus* development and dengue transmission. Under laboratory conditions and relatively stable temperatures, the effects of these variations may be impossible to assess \[[@pone.0229829.ref013]--[@pone.0229829.ref017]\]. Life table study can also help to understand how host and pathogen are interacted. Phonotypical fitness cost due to virus infections can be determined through life-table experiments. For example, Sirisena et al. performed a life-table study and reported that the egg-laying pathways of *Aedes aegypti* (Diptera: Culicidae) are affected upon chikungunya virus replication, resulting in a lower number of eggs \[[@pone.0229829.ref018]\]. The fitness cost to the CHIKV-infected mosquitoes was higher mortality and low survival rate. The expression levels of six transcripts in the egg-laying pathway were found to be down regulated during the gonotrophic cycles of the CHIKV- infected mosquitoes\[[@pone.0229829.ref018]\].

Life-table studies provide a structured framework for identifying the developmental stages most susceptible to mortality \[[@pone.0229829.ref019]--[@pone.0229829.ref022]\]. In artificially simulated diurnal- temperature environments, significant differences in the time to pupation, time of emergence, rate of pupation, rate of emergence, and body size of the emerged adults have been recorded \[[@pone.0229829.ref014],[@pone.0229829.ref023]\]. To the best of our knowledge, no study has been conducted to evaluate how temperature variations affect reproduction in female mosquitoes \[[@pone.0229829.ref015]\]. Semi-field life-table studies have been frequently used to assess how environmental changes affect malaria vector fitness \[[@pone.0229829.ref024]--[@pone.0229829.ref027]\]. Few studies on *Ae*. *albopictus* have been conducted under natural or semi-natural conditions; the findings showed that immature *Ae*. *albopictus* may need more time for development under such conditions when compared with laboratory conditions, and the adults may survive longer under semi-natural conditions than under laboratory conditions \[[@pone.0229829.ref008],[@pone.0229829.ref028]\]. However, all these studies, whether under laboratory, semi-natural or simulated diurnal temperature conditions, were conducted in high-temperature (\> 21°C) environments. The results can not be used to infer the temperature limit for the development of *Ae*. *albopictus*, because previous studies have found that *Ae*. *albopictus* survives at much lower temperatures in temperate areas \[[@pone.0229829.ref029]--[@pone.0229829.ref033]\]. Modeling simulation has shown that seasonal temperature variability influences disease transmission \[[@pone.0229829.ref034]\]. Our question is:, What is the lowest temperature under natural conditions that supports the development of *Ae*. *albopictus* larvae and reproduction in females?

The objective of the present study was to use life-table experiments to determine the effects of semi-field conditions from early summer (June) to winter (January) on the development, survivorship, and reproductive rate of *Ae*. *albopictus*. The key question to be answered is that "can *Aedes albopictus* survive overwinter and produce viable eggs in winter in Guangzhou?" This is important for the assessment of risks of dengue and other mosquito-borne diseases.

Materials and methods {#sec006}
=====================

Ethics approval and consent to participate {#sec007}
------------------------------------------

No specific permits were required for the field studies. For mosquito collection in residential areas, oral consent was obtained from field owners at each location. Mice were used for feeding the mosquitoes in strict accordance with the recommendations in the Guide for the Care and Use of Laboratory Animals of the National Institutes of Health and guidelines of Southern Medical University on experimental use of mice. All of the animals were handled according to approved institutional animal care and use committee (IACUC) protocols (\#2017--005) of Southern Medical University.

Study sites {#sec008}
-----------

This study employed mosquito traits as a proxy to understanding life-table traits in mosquitoes using a semi--field study, for simplicity we used 'life-table experiments' unless otherwise stated. This study was conducted in Guangzhou, the largest city in southern China ([Fig 1](#pone.0229829.g001){ref-type="fig"}). The city has been the epicenter of dengue epidemics in China since the 1990s, and *Ae*. *albopictus* has been the sole vector to date. The annual average temperature is 23.2°C. Summer temperatures can reach 33°C; however, winter temperatures can drop to below 10°C, and the mosquito larvae may become motionless and die within a couple of days \[[@pone.0229829.ref035]\]. The annual rainfall is about 1,678 mm ([Fig 2](#pone.0229829.g002){ref-type="fig"}). This climate is ideal for the development and reproduction of *Ae*. *albopictus* \[[@pone.0229829.ref008]\]. June is considered as the beginning of summer, and January is the coolest month in the area.

![Annual variation in monthly average of daily minimum, maximum and mean temperatures and monthly cumulative rainfall in the study area.](pone.0229829.g002){#pone.0229829.g002}

Experiments {#sec009}
-----------

Source of mosquitoes. In May 2017, field strain *Ae*. *albopictus* larvae were collected from multiple (\>10) breeding habitats in two residential areas in the Zengcheng District of Guangzhou, Guangdong Province, China ([Fig 1](#pone.0229829.g001){ref-type="fig"}). The larvae collected from different habitats were placed into the same bucket, transferred to a semi-field setting, and reared in microcosms in which the life-table experiments were conducted. Emerged adults were allowed to mate freely. This mixing reduced the bias due to differences in the larval source and inbreeding. The mosquitoes were reared until F3 eggs under semi-field conditions. F3 eggs were used for the first round of life-table experiments for two reasons: to allow us to collect enough eggs within a day and, to allow the field mosquitoes to adapt to the new environment and mouse blood. We did not observe any bottlenecks or significant loss of mosquitoes during this process.

Semi-field setting {#sec010}
------------------

The experiments were conducted inside a shed with open, screened doors and windows, under natural conditions ([Fig 3A](#pone.0229829.g003){ref-type="fig"}), an environment similar to that described in previous studies \[[@pone.0229829.ref024], [@pone.0229829.ref025]\]. All larvae and emerged adults were maintained in microcosms covered with mesh to prevent the adult mosquitoes from escaping. Mosquito netting was placed over all microcosms as further protection. To allow the females to achieve the normal reproduction level of wild mosquitoes, the experiments were performed using F3 generation mosquitoes instead of wild or F1 mosquitoes. F3 eggs were used for the first round of larval life-table experiments, and emerged adults were used for the first round of adult life-table experiments. The eggs collected from the first round of adult life-table experiments were used for the second round of larval life-table experiments, No field larvae were collected for subsequent experiments. Fresh eggs were maintained for 2--3 days before the experiments, which were conducted in the campus of Southern Medical University from August 2017 to January 2018, i.e., late summer to winter ([Fig 4](#pone.0229829.g004){ref-type="fig"}). Larval life-table was done four times in semi-field settings, i.e., August, September, October and November.

![Picture illustrating the different settings used in the experiment.\
A: Semi-field setting, B: Semi-natural setting.](pone.0229829.g003){#pone.0229829.g003}

![The timeline of the experiments including the starting and ending dates of each experiment.\
Each text box represented one experiments, which included month, which was used to identify each experiment, the starting/ending dates and the duration (days) of the experiment.](pone.0229829.g004){#pone.0229829.g004}

Semi-natural setting {#sec011}
--------------------

The experiments were conducted in the same microcosms, set up in a greenhouse and covered with small nylon mesh tents ([Fig 3B](#pone.0229829.g003){ref-type="fig"}), a setting similar to that described in previous studies \[[@pone.0229829.ref026], [@pone.0229829.ref027]\]. The experiments were conducted from June to July 2018, i.e., early summer to mid- summer ([Fig 4](#pone.0229829.g004){ref-type="fig"}). The change of experimental location was due to the availability of the facility, this place was not available during the previous experiments. The environment of the two settings are similar, all are in semi-open area with near-natural temperature and humidity and half-shed lights.

Larval life-table experiments {#sec012}
-----------------------------

The larvae collected from the field were reared in a semi-field environment. For each experiment, 200 eggs (2 days of age) were placed in a stainless steel dish (32.5 cm × 26.5 cm × 6.5 cm) with 2 L of tap water (dechlorinated) stored overnight. Four replicates were used for all settings and months. Each day, the surviving larvae were counted, and their stage of development was recorded. The larvae were fed with Inch-Gold® turtle food every day, at an average of about 0.1 g per 100 larvae per day. Water levels in the dishes were checked daily and maintained by adding tap water stored overnight as needed. Water temperature and light intensity were measured using HOBO® data loggers (Onset Computer Corp., Bourne, MA) placed about 1 cm below the water surface. Air temperature and humidity were measured using Extech® Model RHT10 data loggers (Onset Computer Corp., Bourne, MA). The pupae were counted and removed daily.

The larval life-table experiments were performed six times:, four times from August 2017 to January 2018 and two times from June to July 2018.

Adult life-table experiments {#sec013}
----------------------------

Newly emerged adults were used in the life-table studies with protocols similar to that described in previous studies \[[@pone.0229829.ref008], [@pone.0229829.ref025], [@pone.0229829.ref027]\]. Briefly, 30 female and 30 male adult mosquitoes within 24 h post-emergence were placed in a cage, which was an 85 oz popcorn bucket with 17.8 cm caliber, 14.5 cm bottom diameter, and 14.5 cm height. The cage was covered with nylon mesh to prevent the mosquitoes from escaping. Four replicates were used for each environment setting. The mosquitoes were provided with 10% glucose daily, and, every three days, a mouse was placed in each cage for approximately 4 hours to blood-feed the mosquitoes. These mice were purchased from the animal experimental center of Southern Medical University. Every three days, the body temperature, body hair shape, exercise status and other clinical signs of mice were recorded for monitoring. The cages were examined daily to count the number of surviving and dead mosquitoes, and the dead mosquitoes were removed. Eggs laid in each cage were collected using moist filter paper and counted daily under microscope. The HOBO® data loggers Water temperature and light intensity were measured using HOBO® data loggers (Onset Computer Corp., Bourne, MA) were placed inside the cages to record hourly temperature, relative humidity, and light intensity every min during the entire duration of the experiment. The HOBO data logger is a compact, battery-powered device equipped with an internal microprocessor, data storage, and one or more sensors, which can be used to track environmental temperature, relative humidity and light intensity.

The adult life-table experiments were conducted six times:, four times from September 2017 to January 2018 and two times from June to July 2018.

Data analysis {#sec014}
-------------

Larval and adult survivorship was evaluated using the Kaplan---Meier survival analysis \[[@pone.0229829.ref036]\]. The log-rank test was used to compare the survival curves between different months. One-way ANOVA was used to determine the larval development time, emergence rate, adult mosquito survival time, and number of oviposition in different months for the semi-field and semi-natural experiments. The post- hoc Tukey honestly significant difference (HSD) test was used to determine which groups significantly differed from each other \[[@pone.0229829.ref037]\]. Daily average temperature, light intensity, and RH were calculated from the hourly records. Univariate and multiple regression analyses were used to determine the correlation and major impact factors between larval development and adult survivorship parameters and environmental factors, significant levels were set as P \< 0.05. All analyses were performed on the basis of the raw data by using SPSS 22.0 statistical software.

Results {#sec015}
=======

Variations in the experimental conditions {#sec016}
-----------------------------------------

### Air temperature during the larval experiments {#sec017}

Changes in the temperature under semi-natural and semi-field conditions are shown in [Table 1](#pone.0229829.t001){ref-type="table"} and [S1 Fig](#pone.0229829.s002){ref-type="supplementary-material"}. Under semi-natural conditions, diurnal temperatures fluctuated between 25.4°C and 31.1°C in June, whereas the average, temperature under semi-field conditions in November to December was17.3°C (10.9--24.0°C).

10.1371/journal.pone.0229829.t001

###### Mean air temperature, relative humidity, and light intensity during the larval experiments.

![](pone.0229829.t001){#pone.0229829.t001g}

  Setting        Experiment start time   Temperature (°C) (mean ± SD)   Relative humidity (%) (mean ± SD)   Light intensity (lux) (mean ± SD)
  -------------- ----------------------- ------------------------------ ----------------------------------- -----------------------------------
  Semi-natural   June                    28.2 ± 1.6                     81.2 ± 6.4                          1111.4 ± 643.4
                 July                    29.5 ± 1.4                     72.0 ± 5.9                          1187.8 ± 777.7
  Semi-field     August                  30.0 ± 1.2                     70.7 ± 2.7                          n.a.
                 September               31.0 ± 0.9                     61.8 ± 10.2                         1336.6 ± 436.4
                 October                 24.7 ± 1.6                     60.4 ± 14.4                         1264.0 ± 536.7
                 November                17.3 ± 3.1                     83.3 ± 8.3                          1680.7 ± 1044.6

### Humidity in the larval experiments {#sec018}

Similarly, RH in the semi-field settings varied to a greater extent than that in the semi-natural settings ([Table 1](#pone.0229829.t001){ref-type="table"} and [S1 Fig](#pone.0229829.s002){ref-type="supplementary-material"}). In general, in the semi-field setting, RH was lower from September to January than in August.

### Photoperiod during the larval experiments {#sec019}

The photoperiod was shorter in the semi-field setting (11 h from September to November) than in the semi-natural settings (14 h in June and July [Table 1](#pone.0229829.t001){ref-type="table"} and [S1 Fig](#pone.0229829.s002){ref-type="supplementary-material"}). However, the light intensity was stronger in the semi-natural setting (average, 1111---1187 lux) than in the semi-field setting (1336--1680 lux).

### Air temperature and RH in the adult experiments {#sec020}

In the semi-field setting, the temperature was higher in September than in October and November ([Table 2](#pone.0229829.t002){ref-type="table"} and [S2 Fig](#pone.0229829.s003){ref-type="supplementary-material"}). Humidity showed different patterns ([Table 2](#pone.0229829.t002){ref-type="table"} and [S2 Fig](#pone.0229829.s003){ref-type="supplementary-material"}). RH was higher in June (80.9% ± 7.1%) and July (80.7% ± 7.4%) in the semi-natural setting, which triggers the peak rainy season, than in the semi-field setting (64.5% ± 12.8%; [Table 2](#pone.0229829.t002){ref-type="table"} and [S2 Fig](#pone.0229829.s003){ref-type="supplementary-material"}). Large variations in RH(37--87%) were observed from September to November in the semi-field settings.

10.1371/journal.pone.0229829.t002

###### Mean air temperature, relative humidity, and light intensity during the adult experiments.

![](pone.0229829.t002){#pone.0229829.t002g}

  Setting        Experiment start time   Temperature (°C) (mean ± SD)   Relative humidity (%) (mean ± SD)   Light intensity (lux) (mean ± SD)
  -------------- ----------------------- ------------------------------ ----------------------------------- -----------------------------------
  Semi-natural   June                    29.5 ± 1.3                     80.9 ± 7.1                          2180.8 ± 1389.2
                 July                    29.6 ± 1.3                     80.6 ± 7.4                          2127.3 ± 1347.4
  Semi-field     September               31.1 ± 0.7                     68.5 ± 4.4                          1580.2 ± 1002.1
                 October                 26.3 ± 3.3                     61.7 ± 12.9                         1391.3 ± 808.1
                 November                21.7 ± 3.5                     64.6 ± 15.3                         2611.0 ± 1404.7

### Photoperiod during the adult experiments {#sec021}

In the semi-field setting the photoperiod from September to Novermber was 12 h, which was shortened to 10 h in December. In the semi-natural setting the photoperiod in June and July was 14 h ([Table 2](#pone.0229829.t002){ref-type="table"} and [S2 Fig](#pone.0229829.s003){ref-type="supplementary-material"}).

Egg hatching rates {#sec022}
------------------

The experimental conditions in each month are listed in [Table 1](#pone.0229829.t001){ref-type="table"}. In the semi-field setting, the highest egg hatching rates was 77.1% ± 1.4% in October ([Fig 5](#pone.0229829.g005){ref-type="fig"}); however, no statistically significant differences in the egg hatching rates were observed in the different months(one- way ANOVA, F = 1.522; df = 3, 12; P = 0.259). In the semi-natural setting, the egg hatching rates were lower, with the lowest rate (35.5% ± 8.0%) in July. Significant statistical differences were observed in the egg hatching rates of June (56.1%) and July (35.5%) (t = 3.868, d.f. = 6, P = 0.008).

![Egg hatch rate, pupation rate, and adult emergence rate of *Ae*. *albopictus* in each month.\
June-July experiments were conducted in semi-natural condition and August-November experiments were conducted in semi-field condition.](pone.0229829.g005){#pone.0229829.g005}

Larval development time {#sec023}
-----------------------

The major difference between populations in different months was with respect to the development time ([Fig 6](#pone.0229829.g006){ref-type="fig"} and [S1 Table](#pone.0229829.s004){ref-type="supplementary-material"}). In the semi-field setting, the development times were significantly longer at all stages for the November populations than or the other populations ([Fig 6](#pone.0229829.g006){ref-type="fig"} and [S1 Table](#pone.0229829.s004){ref-type="supplementary-material"}). In the semi-natural setting, the time from egg hatching to adult emergence was about 15 days in June. The development times for the July populations were significantly longer at all stages ([Fig 6](#pone.0229829.g006){ref-type="fig"} and [S1 Table](#pone.0229829.s004){ref-type="supplementary-material"}).

![Kaplan-Meier survival curve of *Ae*. *albopictus* larvae in different months.\
June-July experiments were conducted in semi-natural condition and August-November experiments were conducted in semi-field condition.](pone.0229829.g006){#pone.0229829.g006}

Immature stage survivorship {#sec024}
---------------------------

[Fig 7](#pone.0229829.g007){ref-type="fig"} shows the Kaplan-Meier curves for all the experimental populations ([S1 Table](#pone.0229829.s004){ref-type="supplementary-material"}). The figure shows that the larvae may stay in the immature stage for up to 50 days from November to December ([S1 Table](#pone.0229829.s004){ref-type="supplementary-material"}). The log-rank test showed that all the survival curves were significantly different (P \< 0.01 for all comparisons).

![Stage-specific development time of *Ae*. *albopictus* larvae in different months.\
June-July experiments were conducted in semi-natural condition and August-November experiments were conducted in semi-field condition.](pone.0229829.g007){#pone.0229829.g007}

Sex ratio of emerged adults {#sec025}
---------------------------

Although sex ratio varied from month to month with the lowest female/male ratio of 0.71 on August and highest of 1.20 in November ([Fig 8](#pone.0229829.g008){ref-type="fig"}), Tukey HSD test of ANOVA did not show significant difference between different experiments include laboratory control (F~6,21~ = 1.61, P = 0.1936). Student t-test also did not show any significant departure of sex ratio from 1 (results not shown), indicating approximate equal female/male proportion under different environmental conditions.

![Sex ratio of emerged adults.](pone.0229829.g008){#pone.0229829.g008}

Adult survivorship and reproduction {#sec026}
-----------------------------------

The experimental conditions for the adult experiments in different months are listed in [Table 2](#pone.0229829.t002){ref-type="table"}.

### Adult survivorship {#sec027}

On average, the adults survived from 5.8 to 10.5 days (median, 4.5--10.8 days; [Fig 9A](#pone.0229829.g009){ref-type="fig"} and [S2 Table](#pone.0229829.s005){ref-type="supplementary-material"}). The adults survival time was the longest in October in the semi-field setting ([Fig 9A](#pone.0229829.g009){ref-type="fig"} and [S2 Table](#pone.0229829.s005){ref-type="supplementary-material"}), and the adult survival time was the shortest in September ([Fig 7](#pone.0229829.g007){ref-type="fig"}; Tukey HSD, F = 5.44; df = 4, 15; P = 0.007; [S2 Table](#pone.0229829.s005){ref-type="supplementary-material"}). No significant difference in the daily survivorship rate was observed among all populations ([Fig 9B](#pone.0229829.g009){ref-type="fig"}; Tukey HSD, F = 2.88; df = 4, 15; P = 0.059; [S2 Table](#pone.0229829.s005){ref-type="supplementary-material"}).

![*Ae*. *albopictus* adults survival time (top), daily survival rate (middle), and mean life-time egg mass per female (bottom) in different months.\
June-July experiments were conducted in semi-natural condition and September-November experiments were conducted in semi-field condition.](pone.0229829.g009){#pone.0229829.g009}

### Lifetime egg mass {#sec028}

The lifetime egg masses were significantly low for the September-November experimental populations in semi-field setting ([Fig 9C](#pone.0229829.g009){ref-type="fig"}; Tukey HSD, P \< 0.001; [S2 Table](#pone.0229829.s005){ref-type="supplementary-material"}).

### Adult survivorship curve {#sec029}

[Fig 10](#pone.0229829.g010){ref-type="fig"} shows the adult survival curves. The results indicate that \<10% mosquitoes survived for at least 20 days. The October and November experimental populations survived up to 41--45 days in the semi-field setting ([Fig 10](#pone.0229829.g010){ref-type="fig"}). The major difference in survivorship in the populations occurred between day 3 and day 11. For example, in the June population in the semi-natural setting, 80% mosquitoes survived for up to 9 days; in contrast, only 15% of the September population survived for up to 9 days ([Fig 10](#pone.0229829.g010){ref-type="fig"}). The median survival time was the shortest for the September population (5 days) in the semi-field setting and longest for the July population (9 days) in the semi-natural setting. The log-rank test showed that all survival curves were significantly different from each other (P \< 0.01 for all comparisons).

![Kaplan-Meier survival curve of *Ae*. *albopictus* adults in different months.\
June-July experiments were conducted in semi-natural condition and September-November experiments were conducted in semi-field condition.](pone.0229829.g010){#pone.0229829.g010}

Relationship between larval development, adult survivorship and environmental variables {#sec030}
---------------------------------------------------------------------------------------

Multiple regression analysis revealed fewer significant variables when temperature, relative humidity, light intensity and length of photoperiod were analyzed simultaneously.

1.  Egg hatch rate. For larval experiments, both light intensity and length of photoperiod negatively affected egg hatch rate (Tables [3](#pone.0229829.t003){ref-type="table"} and [S3A](#pone.0229829.s006){ref-type="supplementary-material"}, adj. R^2^ = 0.38, F~2,25~ = 9.41, P \< 0.001).

2.  Pupation rate. Temperature positively and the only variable significantly affected pupation rate (Tables [3](#pone.0229829.t003){ref-type="table"} and [S3B](#pone.0229829.s006){ref-type="supplementary-material"}, adj. R^2^ = 0.29, F~1,26~ = 12.23, P = 0.0017).

3.  Adult emergence rate. Length of photoperiod positively affected adult emergence rate (Tables [3](#pone.0229829.t003){ref-type="table"} and [S3C](#pone.0229829.s006){ref-type="supplementary-material"}, adj. R^2^ = 0.23, F~1,26~ = 9.20, P = 0.0054).

4.  Egg hatch rate. Light intensity and length of photoperiod positively affected egg hatch rate, whereas, temperature and relative humidity negatively affected egg hatch rate (Tables [3](#pone.0229829.t003){ref-type="table"} and [S3D](#pone.0229829.s006){ref-type="supplementary-material"}, adj. R^2^ = 0.66, F~4,23~ = 13.95, P \< 0.0001).

5.  1^st^--2^nd^ instar larval development. Length of photoperiod positively affected 1^st^--2^nd^ instar larval development but temperature and relative humidity negatively affected young larval development (Tables [3](#pone.0229829.t003){ref-type="table"} and [S3E](#pone.0229829.s006){ref-type="supplementary-material"}, adj. R^2^ = 0.59, F~3,24~ = 14.02, P \< 0.0001).

6.  3^rd^--4^th^ instar larval development. Length of photoperiod and light intensity positively affected old larval development but temperature and relative humidity negatively affected old larval development (Tables [3](#pone.0229829.t003){ref-type="table"} and [S3F](#pone.0229829.s006){ref-type="supplementary-material"}, adj. R^2^ = 0.73, F~4,23~ = 18.88, P \< 0.0001).

7.  Pupation time. Length of photoperiod positively affected pupation time but temperature and relative humidity negatively affected pupation time (Tables [3](#pone.0229829.t003){ref-type="table"} and [S3G](#pone.0229829.s006){ref-type="supplementary-material"}, adj. R^2^ = 0.70, F~3,24~ = 14.02, P \< 0.0001).

8.  Female emergence time. Length of photoperiod and light intensity positively affected female emergence but temperature negatively affected female emergence time (Tables [3](#pone.0229829.t003){ref-type="table"} and [S3H](#pone.0229829.s006){ref-type="supplementary-material"}, adj. R^2^ = 0.84, F~3,24~ = 14.02, P \< 0.0001). This correlation had the highest adjusted R^2^ value ([Table 3](#pone.0229829.t003){ref-type="table"}).

9.  Male emergence time. Temperature and relative humidity negatively affected male emergence time (Tables [3](#pone.0229829.t003){ref-type="table"} and [S3I](#pone.0229829.s006){ref-type="supplementary-material"}, adj. R^2^ = 0.69, F~2,25~ = 31.63, P \< 0.0001).

10. Adult daily survival rate. Temperature was the only factor negatively affected adult daily survival rate (Tables [3](#pone.0229829.t003){ref-type="table"} and [S3J](#pone.0229829.s006){ref-type="supplementary-material"}, adj. R^2^ = 0.20, F~1,22~ = 6.61, P = 0.0174). This correlation had the lowest adjusted R^2^ value ([Table 3](#pone.0229829.t003){ref-type="table"}).

11. Adult survival time. No variable has been selected at significant level of 0.05 (Tables [3](#pone.0229829.t003){ref-type="table"} and [S3K](#pone.0229829.s006){ref-type="supplementary-material"}), indicating potential complex mechanism.

12. Adult life-time egg mass produced. Light intensity and temperature negatively affected adult daily survival rate (Tables [3](#pone.0229829.t003){ref-type="table"} and [S3L](#pone.0229829.s006){ref-type="supplementary-material"}, adj. R^2^ = 0.75, F~3,20~ = 16.78, P \< 0.0001).

10.1371/journal.pone.0229829.t003

###### Correlations between larval development, adult survivorship and environmental variables.

Variables were selected by stepwise regression analysis at significant level of 0.05. Full results were shown in [S3 Table](#pone.0229829.s006){ref-type="supplementary-material"}.

![](pone.0229829.t003){#pone.0229829.t003g}

  Measurements                           Temperature                        Relative humidity   Light intensity   Length of photoperiod   R^2^ adj.   F value   d.f.    P value
  -------------------------------------- ---------------------------------- ------------------- ----------------- ----------------------- ----------- --------- ------- ----------
  Larval development                                                                                                                                                    
   Egg hatch rate                        \-                                 \-                  -0.026            -9.308                  0.38        9.41      2, 25   0.0009
   Pupation rate                         0.890                              \-                  \-                \-                      0.29        12.23     1, 26   0.0017
   Emergence rate                        \-                                 \-                  \-                3.346                   0.23        9.20      1, 26   0.0054
   Egg hatch time                        -0.355                             -0.099              0.001             0.958                   0.66        13.95     4, 23   \<0.0001
   1^st^-2^nd^ instar development time   -0.546                             -0.111              \-                0.765                   0.59        14.02     3, 24   \<0.0001
   3^rd^-4^th^ instar development time   -0.877                             -0.749              0.002             1.351                   0.73        18.88     4, 23   \<0.0001
   Pupation time                         -1.010                             -0.101              \-                1.050                   0.70        22.13     3, 24   \<0.0001
   Female emergence time                 -1.237                             \-                  0.003             1.636                   0.84        49.28     3, 24   \<0.0001
   Male emergence time                   -1.009                             -0.103              \-                \-                      0.69        31.61     2, 25   \<0.0001
  Adult survivorship                                                                                                                                                    
   Daily survival rate                   -0.005                             \-                  \-                \-                      0.20        6.61      1, 22   0.0174
   Mean survival time                    No significant variable selected                                                                                               
   Life-time eggmass                     -5.614                             5.087               -0.039            \-                      0.75        23.49     3, 20   \<0.0001

'-' not selected at significant level of 0.05

Discussion {#sec031}
==========

The results of this study support the findings of previous studies \[[@pone.0229829.ref008],[@pone.0229829.ref001],[@pone.0229829.ref025],[@pone.0229829.ref028]\], i.e., when compared with constant temperature, natural diurnal temperature may significantly reduce the egg hatching rate and extend larval development time and adult survival time, even if the mean temperatures are similar. However, the impact of natural diurnal temperature on the pupation rate and adult emergence rate was less pronounced, which is consistent with the results of previous studies on *Ae*. *aegypti* \[[@pone.0229829.ref014], [@pone.0229829.ref023],[@pone.0229829.ref036]\]. Furthermore, a lower mean natural diurnal temperature may significantly reduce reproduction in adult females. To the best of our knowledge, this is the first study to assess such an effect under semi-natural conditions \[[@pone.0229829.ref038]--[@pone.0229829.ref039]\].

Previous studies on *Ae*. *aegypti* have reported that egg hatching rates were high (\>70%) when the temperature was between 15°C and 32°C, and no eggs hatched when the temperature was less than 8°C \[[@pone.0229829.ref040]\]. Toma et al., found that the egg hatching rates of *Ae*. *albopictus* were around 20% when the temperature was 14--22°C \[[@pone.0229829.ref041]\]. However, no study has assessed egg hatching rates at temperatures between 8°C and 14°C \[[@pone.0229829.ref041]--[@pone.0229829.ref044]\]. In this study, we found that the egg hatching rate of *Ae*. *albopictus* in the semi-field setting decreased significantly from 77% when the average temperature was around 25°C to 54% when the temperature was around 11°C during the winter experiments. Overall, the egg hatching rate of *Ae*. *albopictus* varied greatly in the semi-field setting (from 54% to 77%) and semi-natural setting (from 35% to 56%).

In the present study, the development time of *Ae*. *albopictus* larvae was longer in the semi-field setting in November to December than in June and July, which may be due to the varying adaptability of *Ae*. *albopictus* to different environments and cold stress. The variations in microclimatic conditions in the semi-field setting are more complex. During these experiments, the lowest daily average temperature was 10.9°C, and the mean temperature fluctuated greatly. In the semi-field setting, as the temperature in the experimental environment decreased, the development time of *Ae*. *albopictus* larvae increased. Diapause was observed in 4th instar larvae during the winter experiment. The large larvae hid in the dark corners of the dish, not eating or moving, and they could survive in this state for nearly a month. Most of the larvae eventually died; a few developed into pupae. The low egg- hatching rate in the winter might be attributable to the overwintering of *Ae*. *albopictus* eggs or potential diapause \[[@pone.0229829.ref045],[@pone.0229829.ref046]\]. Xia et al. found that eggs collected from the field in Guangzhou may enter diapause when the photoperiod was about 12 h \[[@pone.0229829.ref045]\]. In their laboratory experiments with *Ae*. *albopictus* in North America, Leisnham et al. found geographic variations in the expression of photoperiodic diapause, but not in adult survival and reproduction \[[@pone.0229829.ref046]\]. The photoperiodic diapause of *Ae*. *albopictus* eggs and larvae has been well characterized in temperate populations; however, it does not occur in tropical populations, although these populations may undergo an aestivation is initiated by environmental factors other than photoperiod \[[@pone.0229829.ref046],[@pone.0229829.ref047]\]. In this study, we observed a shorter photoperiod from October to December; however, we also observed reduced temperature and humidity, so we could not rule out the temperature--humidity effect.

In the present study, a small number *Ae*. *albopictus* adults survived longer in the semi-field setting. During the winter experiments, we observed that *Ae*. *albopictus* adults were silent and dormant for more than a month before they died. These results are similar to those of previous semi-field experiments\[[@pone.0229829.ref008],[@pone.0229829.ref014],[@pone.0229829.ref048]\], i.e., a small number of adult mosquitoes tended to live longer in low-temperature environments. We have also noticed that most females did not survived even before they have laid any eggs. On the other hand, very old females (\>20 days) also did not lay eggs, this occurred mainly in winter, likely due to the low temperature. These results implied that likely a small proportion of mosquitoes contributed to most of the eggs. In addition, very short-lived mosquitoes may not be able to transmit dengue, chikungunya and zika virus as shown by transmissibility experiments \[[@pone.0229829.ref049],[@pone.0229829.ref050]\]. These evidence together support the findings by previous studies, i.e., potentially a small proportion of *Ae*. *albopictus* likely contribute to most of the virus transmission \[[@pone.0229829.ref051]\].

To our knowledge, no previous study has assessed how natural diurnal temperature affects female mosquito reproduction. In this study, we found that lifetime egg mass per female in the semi-field setting was significantly reduced after October; when the average daily temperature in the semi-field setting was much lower. During these experiments, the lowest daily average temperature was 14.8°C, and the adult mosquitoes tended to not move; the development of eggs inside the females may have been affected. This combination of dormancy in females and slowed egg development probably resulted in reduced egg production. The decreased number of eggs observed in the field mosquitoes could also be the consequence of blood meals from an unusual blood source with different nutrients; however, the impact might be limited. Several studies in the urban areas have shown that *Ae*. *albopictus* feeds mainly on rodents in the wild \[[@pone.0229829.ref052]--[@pone.0229829.ref053]\]. Niebylski et al. conducted surveys in several states of the United States and, found that *Ae*. *albopictus* is an opportunistic blood-feeder in the wild; the mosquitoesit feed on \>10 species of mammals, but most (58%) of them feed on rabbit and black house rat (Rattus rattus) \[[@pone.0229829.ref052]\]. Goodman et al. conducted a study in Baltimore, USA, and found that 72% of all *Ae*. *albopictus* meals is the blood of the brown rat (Rattus norvegicus) \[[@pone.0229829.ref053]\]. These results suggest that *Ae*. *albopictus* may have adapted to the rodent blood. In addition, as the study progressed, *Ae*. *albopictus* may have better adapted to mouse blood. Therefore, the impact of blood source on egg mass in autumn and winter was probably limited.

Variations in temperature, RH, photoperiod, and light intensity did not always occur at the same time or follow the same trend. For example, the highest temperature was recorded in September in the semi-field setting, whereas the highest RH was observed in June and July, the main rainy season in southern China, in the semi-natural setting. The longest photoperiod was recorded in June and July in the semi-natural setting, whereas the highest light intensity was in October, when the photoperiod is the shortest, in the semi-field setting, This shows that variations in the microclimatic conditions were complex and multi-faceted. How these factors together affected the growth, development, survival, and disease transmission of *Ae*. *albopictus* needs to be investigated further\[[@pone.0229829.ref046]\].

Our study had some limitations. It is a challenge to define and set up an ideal semi-field environment that best represents natural conditions. The semi-field conditions in this study may not be the same as actual field conditions. For example, larval habitats are very diverse in a natural environment \[[@pone.0229829.ref054]\], and it is not possible to simulate all habitat conditions. In addition, microclimatic changes in the semi-field setting may not necessarily represent natural climatice changes. Therefore, the growth and development of larvae and the survival of adult mosquitoes under semi-field conditions can not necessarily be extrapolated to the growth and development of natural wild mosquitoes. The findings of this study must be validated in natural habitats. Nonetheless, we found significant differences in egg hatching, larval development, adult survival, and reproduction between different months with fluctuating diurnal settings. Furthermore, we did not study the morphology of adult mosquitoes, so it is unclear whether the semi-field environmental conditions affected the size of *Ae*. *albopictus*. A previous study showed that simulated diurnal temperature fluctuations may affect male/female sex ratio and body size when compared with constant temperature \[[@pone.0229829.ref014]\].

Other issues of this study are related to larval and adult rearing. We started the larval experiments by placing 200 eggs in each dish; when the eggs hatched, the larvae were maintained in the dish with the unhatched eggs until all of them had died or become pupae. The larvae were fed daily with tortoise food, and water was replaced whenever it looked unclean. Because the eggs did not hatch evenly in all the experiments, the number of larvae in each experiment was different, which might have affected the larval growth and development. Larval density and"crowding effect" have been the subject of many field studies and reported to affect insect life-history traits, such as development time and body size \[[@pone.0229829.ref055]--[@pone.0229829.ref058]\]. For example, Munga et al. found that, when larval density was low, *Anopheles gambiae* developed faster and the emerged adults had longer wing length \[[@pone.0229829.ref055]\]; however, the basin size used in the study was relatively small. In this study, although we observed variations in the egg hatching rates, we did not observe differences in the pupation rates and adult emergence rates in the different experiments. Thus, the effects of larval density and crowding may have been limited by the large size of the rearing dishes used by us, and this is consistent with the results of previous studies. For examples, Aspbury and Juliano observed that extreme cycles of drying and inundation are likely to increase intraspecific resource competition among *Ae*. *triseriatus*, leading to negative effects on the population growth rate \[[@pone.0229829.ref059]\]. However, Hanly and Haase revealed that intraspecific competition may only result in modest self-limitation of adult emergence \[[@pone.0229829.ref060]\]. Previous studies on interspecific competition have reported a high level of co-occurrence of *Ae*. *albopictus* and *Ae*. *aegypti* in the same oviposition trap and no evidence that variations in the impact of interspecific competition are associated with coexistence or exclusion \[[@pone.0229829.ref061]--[@pone.0229829.ref064]\]. However, Camara et al. found that, under natural conditions, the negative competitive effects of *Ae*. *albopictus* on *Ae*. *aegypti* were expressed primarily as lower survivorship;, however, they may coexistence in vegetated areas, i.e., in areas with abundant food sources \[[@pone.0229829.ref064]\]. These results suggest that if the food supply is sufficient, the crowd effect is likely limited.

Some studies used large cages for adult mosquito rearing, for example, Afrane et al. and Imam et al. used 30 cm × 30 cm × 30 cm cages that, provided more space than the popcorn buckets we used in this study \[[@pone.0229829.ref025], [@pone.0229829.ref065]\]. However, Villarreal et al. also used small barrels similar to the buckets used in this study \[[@pone.0229829.ref066]\]. We used uniformly sized popcorn cups, whose relatively small size might have affected the survivorship or even reproduction of the female adults. However, the adult mosquitoes in each of our experiments were reared using the same type and size of cage, so the results of all experiments are comparable. Another potential issue is the selection of emerged adults. In the same larval experiment, early and late emerged adults may have different life history traits. Because the average larval to adult -emergence rate was 43%, we collected an average of 344 adults out of 800 eggs, and we used 70% (240/344) of the already early or late emerged adults for the life-table study. Moreover, our method for selecting the adults was similar to that used in other studies \[[@pone.0229829.ref008], [@pone.0229829.ref027]\]. The results are comparable because we used the same selection method in all the experiments.

Lastly, in this study, we did not check the blood meal status of the adults mosquitoes after blood feeding, this may have affected the life-time egg mass estimations under different experimental settings, i.e., the blood-meal status may differ between the females reared in the semi-field and semi-natural settings. For the larva and adult experiments, temperature and light were recorded using HOBO® data loggers. However air temperature and humidity were recorded using Extech® Model RHT10 data loggers. Because these data loggers were used throughout the experiments, the temperatures, humidity, and light intensity values were comparable between the different settings and months.

Conclusions {#sec032}
===========

The results of this study shows that, under semi-field conditions, *Ae*. *albopictus* larvae could develop and emerge and adults could survive and produce eggs in early winter in Guangzhou. The major impact of changes in ambient temperature, RH and light intensity was on the egg hatching rates, adult survival time, and egg mass production, rather than on pupation or adult emergence rates. The results of the present study are important for assessing dengue transmission risks in winter in temperate areas and especially important in light of current climate and environmental changes. The findings of this study are useful for predictive modellings of disease risks and outbreaks. More importantly, since *Ae*. *albopictus* may survive over winter and potentially transmit virus, therefore appropriate vector control measures should be implemented during winter or early spring so as to minimize the expansion of vector populations.
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2\. Line 117, ...effects of semi-field conditions in different seasons..., please rephrase your sentence as your methods: early summer (June) until winter (January).

Materials and Methods

1\. According to authors' description:... (Line126) winter temperatures can drop below 10°C, and annual rainfall is about 1,678 mm (Figure. 2). This climate is ideal for the development and reproduction of Ae. albopictus (Li et al. 2014)..... It means mosquitoes can hide in some place to survive or delayed in development. Can authors provide more information or reference that study mosquito life cycle in low temperature?

2\. Line 133: Field collected larvae from different habitats were mixed by putting larvae from different habitats into the same bucket....I am curious is it happened to find mosquito larvae during winter?

3\. Line 141; rodent blood or mouse blood?

4\. Line 143: please describe food source of mosquito adult in Semi-field setting and Semi-natural setting.

5\. Line 192: Please explain the study design.

6\. Line 194: sex ratio of adult mosquitoes?

Results

1\. Line 213: Why record humidity in larvae experiments?

2\. Line 223: Octerber should be revised as October.

3\. Line 234, Line 410: Please provide the method of egg hatch in materials and methods part. And how you count the number of larvae or reared-egg.

Discussion

1\. Line 308: stress.The =\> stress. The
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This manuscript describes the impact of semi-field conditions on life-table parameters of Ae. albopictus. This study for most parts is well designed, executed presented. However, the manuscript falls short in the way the data has been analysed and the results have been visualized.

Major points

1\. The authors claim to have employed life-table experiments to identify the lowest temperature that supports the survival and reproduction of Ae. albopictus. In this study, larval development and survival, and adult survival have been quantified as dependent variables. Further, lifetime egg mass is mentioned as a proxy for adult reproduction but there is neither a mention of how it was quantified nor how well it correlates with lifetime fecundity of mosquitoes. All these quantified variables are life-history traits in mosquitoes and cannot be considered as life-table parameters. This study does not use these quantified life-history traits to estimate life-table parameters such as net reproductive rate or the cohort rate of increase. A typical example describing how life-table analysis could be estimated from life-history traits can be found here: <https://doi.org/10.1371/journal.pone.0180093>

2\. The authors have performed experiments in semi-field and semi-natural settings. The purpose of these two treatments is not justified. How do these two treatments address the objective of this study?

3\. Male and female mosquitoes develop at distinct rates (protandry) and are sexually size dimorphic. As a consequence, the effects of larval growing conditions on adult mosquitoes differentially impact males and females during the adult stages. Therefore, to assess the effects of temperature on mosquito life-history traits accurately, data in this study (figures 5-7, 8a, 8b, and 9) will have to be analyzed separately for male and female mosquitoes.

4\. Adding to my earlier comment on lifetime egg mass estimation (pt.1), it is unclear if the methods employed by the authors were good enough to estimate the lifetime fecundity or just fecundity in the first gonotrophic cycle. The authors will have to clarify how this method is best suited to estimating life-table traits.

5\. Based on adult survivorship curves, the authors have concluded that percentage adult survival could have implications on mosquito-borne disease transmission. While this is partly true, recent studies have identified that only 20% of mosquitoes in a population contribute to 80% of the disease transmission \[1,2\]. It will be worthwhile to discuss the results of this study in light of these earlier findings. Also, no hazard ratios were reported from the Kaplan-Meier survival analysis.

6\. How was the larval density (group size) and nutrition (0.1g turtle food per 100 larvae) determined? What is the rationale behind choosing these values for this study?

7\. This study does not discuss the links between the results of this study and the risk of dengue transmission. More information on how these findings could be of use in vector control approaches/strategies or predictive modelling of disease outbreaks is desirable.

Minor points

1\. Do Ae. albopictus diapause in the study area? If yes, at what temperature?

2\. Lines 456-457: The claim need not be true because the strains of mosquitoes and several other experiment factors could vary between studies. Therefore, the results might not be comparable across studies.

3\. Line 251: Using the term 'immature' to refer to larvae is fine. But here it has not been done on a consistent basis.
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1\. Cooper, L., Kang, S. Y., Bisanzio, D., Maxwell, K., Rodriguez-Barraquer, I., Greenhouse, B., \... & Eckhoff, P. (2019). Pareto rules for malaria super-spreaders and super-spreading. Nature communications, 10(1), 1-9.

2\. Noden, B. H., O\'NEAL, P. A., Fader, J. E., & Juliano, S. A. (2016). Impact of inter‐and intra‐specific competition among larvae on larval, adult, and life‐table traits of A edes aegypti and A edes albopictus females. Ecological entomology, 41(2), 192-200.

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: No

Reviewer \#3: No

Reviewer \#4: Yes: Karthikeyan Chandrasegaran

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.

10.1371/journal.pone.0229829.r002

Author response to Decision Letter 0

24 Dec 2019

Reviewer reports:

Reviewer \#1: The manuscript should be corrected by a professional English person. After the correction the MS can accepted for the publication in this journal.

Response: Thank you for your comments and suggestions. The language in the revised manuscript has been polished by a native English editor.

Reviewer \#2: Overall, I think this study contains useful and publishable data. The authors track larval and adult development and survival of Aedes albopictus in field conditions. There are several elements of the experimental design and analysis that need to be made clearer. Data is collected during two time periods, Sept-Jan and June-July. From what I can tell there are 4 time points in the Sept and Jan period and 2 in June July. From, Fig 4 it appears these run once a month with an unexplained gap in the data between Jan-May. Further, from lines 148-155 it looks like different generations were used in different experiments. In the Sept-Jan data experiments were conducted in the \"semi-field\" setting and then experiments move to a \"semi-natural\" setting in June-July. It wasn\'t clear to me why this move occured or how differences between these setting might influences the conclusions of the study. It was also unclear to me from how the results are currently presented how much this data can tell us generally about the effects of temperature, RH, and light intensity on these different mosquito traits. There is a comparison of months. Instead of this type of comparison, temperature, humidity and other environmental variables could be used in models to determine their relative impacts on the different measures of mosquito development and survival. I do think the study clearly provides insight into whether Ae. albopictus could sustain populations in early winter in Guangzhou.

Overall, I feel that if the methods are made much clearer and the results are presented in terms of the strength of the environmental variables recorded as predictors this would be a nice ms.

Response: We thank the reviewer's comments and suggestions. We have revised those points made by the reviewer. We did univariate and multiple regression analysis and added a summary table (Table 3) to summarize the correlations between larval development, adult survivorship and environmental variables. We have also added one section to describe these new results. We hope this makes the results much clearer. The change from one place to another place was because the place we used for the September-November experiments was not available anymore. The environment of the two settings are similar, all are in semi-open area with near-natural temperature and humidity and half-shed lights. We described this in the revised manuscript.

The reviewer's questions:

\(1\) There are several elements of the experimental design and analysis that need to be made clearer. Data is collected during two time periods, Sept-Jan and June-July. From what I can tell there are 4 time points in the Sept and Jan period and 2 in June July. From, Fig 4 it appears these run once a month with an unexplained gap in the data between Jan-May.

Response: Yes, the reviewer was correct, we have done larval and adult life-tables 4 times from August to November (adult life-table continued through January next year) and 2 times in June and July. We stated so in the Methods sections.

\(2\) It was also unclear to me from how the results are currently presented how much this data can tell us generally about the effects of temperature, RH, and light intensity on these different mosquito traits. There is a comparison of months. Instead of this type of comparison, temperature, humidity and other environmental variables could be used in models to determine their relative impacts on the different measures of mosquito development and survival.

Response: We did univariate and multiple regression analysis, the results are shown in Table 3 (new table) and we added one section to describe these new results.

Reviewer \#3: This study describe major finding on Aedes albopictus larvae could develop and emerge, and adults could survive and produce eggs in early winter in Guangzhou under semi-field conditions. It is of interest and could reflect climate change and explain dengue cases caused by Ae. albopictus appeared in Henan province in temperate central China. However, I suggest authors to provide more information on the differences between laboratory conditions and semi-field conditions when using the same mosquito sources from field.

Response: Thank you for your comments and suggestions.

The reviewer's questions:

Introduction

1\. Although the temperature and humidity are key factors for mosquito growth, pathogen of virus and plasmodium are quite different, and may not be suitable to compare together. Besides, behavior of diurnal and nocturnal are also reflect on their adaptation on environmental conditions. Please re-construct your sentences and remove the malaria reference (Line81-86; Line 98-101) if you intent to focus on Ae. albopictus for dengue in China.

Response：On the basis of your suggestions, we have revised the sentences, removed the malaria reference in lines 81--86, and rewritten this section.

Materials and Methods Questions:

\(1\) According to authors' description:... (Line126) winter temperatures can drop below 10°C, and annual rainfall is about 1,678 mm (Figure. 2). This climate is ideal for the development and reproduction of Ae. albopictus (Li et al. 2014)..... It means mosquitoes can hide in some place to survive or delayed in development. Can authors provide more information or reference that study mosquito life cycle in low temperature?

Response：We have rewritten this sentence and cited reference \[41\]. (revised version: lines 114-115).

\(2\) Line 133: Field collected larvae from different habitats were mixed by putting larvae from different habitats into the same bucket....I am curious is it happened to find mosquito larvae during winter?

Response：This is a misunderstood, we described that "field strain Ae. albopictus larvae collected in May 2017 from multiple (\>10) breeding habitats in two residential areas ...," no other mosquito larvae have been collected in this study afterward.

In other studies, researchers did find Aedes albopictus larvae in winter in Guangzhou, and the larvae could stay over winter (Zhong Xue-shan, XIAO Xiao-ling, XIANG Ying-fei. Overwintering breeding site types and larvae survival of Aedes albopictus in Yuexiu District, Guangzhou. South China J Prev Med. 2019; 45(4): 386-388,397).

\(3\) Line 141; rodent blood or mouse blood?

Response: mouse blood.

\(3\) Line 143: please describe food source of mosquito adult in Semi-field setting and Semi-natural setting.

Response：We have described the food source in lines 184--186 (revised version: line 172). "The mosquitoes were provided with 10% glucose daily, and, every three days, a mouse was placed in each cage for approximately 4 h to blood-feed the mosquitoes."

\(5\) Line 192: Please explain the study design.

Response：The study design has been described in four sections.

\(6\) Line 194: sex ratio of adult mosquitoes?

Response：We added sex ratio in the results.

Results questions

⑴ Line 213: Why record humidity in larvae experiments?

Response: Humidity and temperature are the two key factors affecting mosquito development, it is a 'must be observed' measurement during life-table studies.

\(3\) Line 223: Octerber should be revised as October.

Response：We have made the required revision.

\(3\) Line 234, Line 410: Please provide the method of egg hatch in materials and methods part. And how you count the number of larvae or reared-egg.

Response: We collected the eggs with a moist filter paper. The fresh eggs were fully developed in a humidified anoxic environment for 2 days and then manually counted. The larvae were counted manually every day, We described these in the revised manuscript.

Discussion questions

\(1\) Line 308: stress.The =\> stress. The

Response：We have made the required modification.

⑵Discussion should be shorted. Line 375: discussion of vectorial capacity need to be removed.

Response：The discussion of vectorial capacity has been removed from the manuscript.

\(3\) Line 386: 2015,Maimusa et al. =\> 2015, Maimusa et al.

Response：We have made the required correction.

\(4\) Line 420: it's Anopheles mosquitoes, about malaria, not Aedes mosquitoes.

Response：We completely agree with the reviewer; we have revised the sentences and removed the malaria reference.

\(5\) Line 432: Ae. aegypti =\> Ae. Aegypti

Response：We have made the required correction.

(6)Line 442: Afrane et al. and Imam et al. =\> Afrane et al. and Imam et al.

Response：We have made the required correction.

(7)Line 445: Villarreal wt al. 2018 =\> Villarreal et al. 2018

Response：We have made the required correction.

\(8\) Line 458: Lastly but not the least, in this study, we didn't check blood meal status of experimental adults after blood feeding,......this is very important, also do you try to try to find dead male mosquito to ensure that mosquitoes has finished their mating.

Response：In the experiment, we recorded the number of dead males and females every day and removed the dead individuals.

Reviewer \#4: General comments

This manuscript describes the impact of semi-field conditions on life-table parameters of Ae. albopictus. This study for most parts is well designed, executed presented. However, the manuscript falls short in the way the data has been analysed and the results have been visualized.

Response：Thank you for your comments and suggestions.

Major points

1\. The authors claim to have employed life-table experiments to identify the lowest temperature that supports the survival and reproduction of Ae. albopictus. In this study, larval development and survival, and adult survival have been quantified as dependent variables. Further, lifetime egg mass is mentioned as a proxy for adult reproduction but there is neither a mention of how it was quantified nor how well it correlates with lifetime fecundity of mosquitoes. All these quantified variables are life-history traits in mosquitoes and cannot be considered as life-table parameters. This study does not use these quantified life-history traits to estimate life-table parameters such as net reproductive rate or the cohort rate of increase. A typical example describing how life-table analysis could be estimated from life-history traits can be found here: <https://doi.org/10.1371/journal.pone.0180093>

Response: We fully agree with the reviewer, life-history traits can be estimated from life-table analysis. The purpose of this study is to determine how environmental factors such as temperature, humidity and photoperiod affect larval development and adult survivorship, the key focus is "can Aedes albopictus survive and produce viable eggs in winter in Guangzhou?" This is important for the assessment of risks of dengue and other mosquito-borne diseases. Accurate quantification of life history traits is not the focus of the study.

2\. The authors have performed experiments in semi-field and semi-natural settings. The purpose of these two treatments is not justified. How do these two treatments address the objective of this study?

Response: Most life-table studies are carried out under laboratory conditions, results may not be reflective of actual development in fluctuated natural conditions. Since fully natural experiments are ethically not allowed, semi-natural and semi-field condition experiments are the best possible approximation.

3\. Male and female mosquitoes develop at distinct rates (protandry) and are sexually size dimorphic. As a consequence, the effects of larval growing conditions on adult mosquitoes differentially impact males and females during the adult stages. Therefore, to assess the effects of temperature on mosquito life-history traits accurately, data in this study (figures 5-7, 8a, 8b, and 9) will have to be analyzed separately for male and female mosquitoes.

Response: We fully agree with the reviewer, we have done to analyses separately for male and female mosquitoes.

4\. Adding to my earlier comment on lifetime egg mass estimation (pt.1), it is unclear if the methods employed by the authors were good enough to estimate the lifetime fecundity or just fecundity in the first gonotrophic cycle. The authors will have to clarify how this method is best suited to estimating life-table traits.

Response: We actually collected all eggs not just in the first gonotrophic cycle. The small number of average lifetime egg mass was likely due to the short adult survival time, most females dead before eggs were first collected. We have discussed this in the discussion section.

5\. Based on adult survivorship curves, the authors have concluded that percentage adult survival could have implications on mosquito-borne disease transmission. While this is partly true, recent studies have identified that only 20% of mosquitoes in a population contribute to 80% of the disease transmission \[1,2\]. It will be worthwhile to discuss the results of this study in light of these earlier findings. Also, no hazard ratios were reported from the Kaplan-Meier survival analysis.

Response: We fully agree with the reviewer, we have discussed this in the discussion section and added three references \[49-51\].

\[49\] Liu Z, Zhou T, Lai Z, Zhang Z, Jia Z, Zhou G, Williams T, Xu J, Gu J, Zhou X, Lin L, Yan G, Chen XG. Competence of Aedes aegypti, Ae. albopictus, and Culex quinquefasciatus mosquitoes as Zika virus vectors, China. Emerg Infect Dis. 2017;23(7):1085-1091.

\[50\] Mariconti M, Obadia T, Mousson L, Malacrida A, Gasperi G, Failloux AB, Yen PS. Estimating the risk of arbovirus transmission in Southern Europe using vector competence data. Sci Rep. 2019;9(1):17852.

\[51\] Churcher TS, Trape J-F, Cohuet A. Human-to-mosquito transmission efficiency increases as malaria is controlled. Nat Commun. 2015; 6: 6054.

6\. How was the larval density (group size) and nutrition (0.1g turtle food per 100 larvae) determined? What is the rationale behind choosing these values for this study?

Response: The amount of food supplied was based on observations. If larval food has a lot leftovers from previous day, which means the food supply was maybe too much, therefore no additional food should be added; on the other hand, if larval food was consumed earlier, additional food should be supplied. The amount of 0.1g per 100 larvae was an estimation not an accurate amount, because food was added more often for old larvae compare to young larvae.

7\. This study does not discuss the links between the results of this study and the risk of dengue transmission. More information on how these findings could be of use in vector control approaches/strategies or predictive modelling of disease outbreaks is desirable.

Response: We agree with the reviewer, we have discussed these points.

Minor points

1\. Do Ae. albopictus diapause in the study area? If yes, at what temperature?

Response: We did not confirm any diapause during the study. But possibly observed the larval diapause at a daily average temperature of 10.9°C (ranged from 2.1 -- 21.2°C). Possible diapause was observed in 4th instar larvae during the winter experiment, however not confirmed. Therefore, diapause was not reported.

2\. Lines 456-457: The claim need not be true because the strains of mosquitoes and several other experiment factors could vary between studies. Therefore, the results might not be comparable across studies.

Response: Environmental conditions in Semi-field and Semi-natural settings are very similar, we changed the location because of the availability of the facilities.

3\. Line 251: Using the term 'immature' to refer to larvae is fine. But here it has not been done on a consistent basis.

Response: We agree with the reviewer and have made the required revisions.
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Semi-field life-table studies of Aedes albopictus (Diptera: Culicidae) in Guangzhou, China

PLOS ONE

Dear prof Zheng,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

We would appreciate receiving your revised manuscript by Mar 21 2020 11:59PM. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Jiang-Shiou Hwang, Ph.D.

Academic Editor

PLOS ONE

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#2: (No Response)

Reviewer \#3: All comments have been addressed

Reviewer \#4: All comments have been addressed

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#2: Yes

Reviewer \#3: Yes

Reviewer \#4: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#2: Yes

Reviewer \#3: Yes

Reviewer \#4: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#2: Yes

Reviewer \#3: Yes

Reviewer \#4: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#2: Yes

Reviewer \#3: Yes

Reviewer \#4: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#2: Thank you for your responses. I have just one more set up suggestions for reporting your environmental analyses. These are really nice and I think have greatly improved the manuscript.

1\. Since your data on humidity, temperature, and length of photoperiod were collected as part of one study, I would recommend just using your multivariate analyses because the univariate analyses would be driven by correlations between your environmental variables.

2\. Instead of only reporting significance of correlations can you describe the relationship biologically? For example instead of \" In the pupation rate analysis, temperature was the only significant variable (P = 0.0164) that positively affected pupation rate\" you could say something like \"Pupation rate increased with environmental temperature (P=0.0164)\" or \"Females developed faster in warmer conditions and more slowly when humid was lower.\"

Reviewer \#3: This study describe major finding on Aedes albopictus larvae could develop and emerge, and adults could survive and produce eggs in early winter in Guangzhou under semi-field conditions. It is of interest and could reflect climate change and explain dengue cases caused by Ae. albopictus appeared in Henan province in temperate central China. This manuscript has been revised accordingly and suggested to be published on this journal.

Reviewer \#4: The authors have responded to all the queries raised by the reviewers. However, one of my points still remains unaddressed: The authors claim that this is a semi-field life-table study. However, this study does not quantify any of the life-table traits. This study quantifies select larval and adult traits that are known to correlate with life-table characteristics of mosquitoes. Since life-table analyses are missing in this study, the authors will have to remove the term \'life-table\' from this manuscript. They could rather claim that they have employed mosquito traits as a proxy to understanding life-table traits in mosquitoes using a semi\--field study.

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#2: No

Reviewer \#3: No

Reviewer \#4: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.

10.1371/journal.pone.0229829.r004

Author response to Decision Letter 1

12 Feb 2020

Reviewer reports:

Reviewer \#2: Thank you for your responses. I have just one more set up suggestions for reporting your environmental analyses. These are really nice and I think have greatly improved the manuscript.

Response: We thank the reviewer's constructive comments and suggestion.

1\. Since your data on humidity, temperature, and length of photoperiod were collected as part of one study, I would recommend just using your multivariate analyses because the univariate analyses would be driven by correlations between your environmental variables.

Response: Multiple regression analyses (both general and stepwise) have been done on all life table outcomes, Table 3 has been updated, a supplementary table was added to show all the regression results.

2\. Instead of only reporting significance of correlations can you describe the relationship biologically? For example instead of \" In the pupation rate analysis, temperature was the only significant variable (P = 0.0164) that positively affected pupation rate\" you could say something like \"Pupation rate increased with environmental temperature (P=0.0164)\" or \"Females developed faster in warmer conditions and more slowly when humid was lower.\"

Response: Similar statements have been rewritten to describe the biological relationship.

Reviewer \#3: This study describe major finding on Aedes albopictus larvae could develop and emerge, and adults could survive and produce eggs in early winter in Guangzhou under semi-field conditions. It is of interest and could reflect climate change and explain dengue cases caused by Ae. albopictus appeared in Henan province in temperate central China. This manuscript has been revised accordingly and suggested to be published on this journal.

Response: We thank the reviewer's constructive comments.

Reviewer \#4: The authors have responded to all the queries raised by the reviewers. However, one of my points still remains unaddressed: The authors claim that this is a semi-field life-table study. However, this study does not quantify any of the life-table traits. This study quantifies select larval and adult traits that are known to correlate with life-table characteristics of mosquitoes. Since life-table analyses are missing in this study, the authors will have to remove the term \'life-table\' from this manuscript. They could rather claim that they have employed mosquito traits as a proxy to understanding life-table traits in mosquitoes using a semi\--field study.

Response: We agree with the reviewer, we re-stated that this study "employed mosquito traits as a proxy to understanding life-table traits in mosquitoes using a semi -- field study" in the "Methods" section and in "Abstract" as the reviewer suggested.
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Dear Dr. Zheng,

We are pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it complies with all outstanding technical requirements.

Within one week, you will receive an e-mail containing information on the amendments required prior to publication. When all required modifications have been addressed, you will receive a formal acceptance letter and your manuscript will proceed to our production department and be scheduled for publication.

Shortly after the formal acceptance letter is sent, an invoice for payment will follow. To ensure an efficient production and billing process, please log into Editorial Manager at <https://www.editorialmanager.com/pone/>, click the \"Update My Information\" link at the top of the page, and update your user information. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.
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Dear Dr. Zheng:

I am pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please notify them about your upcoming paper at this point, to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

For any other questions or concerns, please email <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE.
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PLOS ONE Editorial Office Staff

on behalf of

Prof. Jiang-Shiou Hwang

Academic Editor
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